In a previous work a decrease in cholesterol and triglyceride plasma levels was observed in rats 24 hours after their exposure to a 12 Hz 6 mT pulsed magnetic field (P M F). This time, a study of intensity effects of a 12 Hz PM F for a sixty-minute exposure and of length of exposure for a 12 Hz 6 mT PM F took place. Non-linear effect-dose relationships were ob served for the PM F intensity as well as for the length of exposure used. The highest decreases in cholesterol and triglyceride levels were obtained after to a sixty-minute exposure with 1.5 mT and 12 mT.
Introduction
In a previous work (Bellossi et al., 1996) a decrease of cholesterol and triglyceride plasma levels in rats 24 hours after their exposure to a 12 Hz 6 m T pulsed magnetic field (P M F ) was re ported. Such a phenomenon was accompanied with a weight liver increase and followed by a re binding of triglyceride level at the 48th hour. Among the five following frequencies (12, 50, 100, 300, 460 Hz) the 12 Hz one was the most efficient one. PM F intensities or exposure length effect was studied in this experiment.
Material and methods
M ale Wistar rats were used throughout these ex periments. The generator of P M F was a M agnobiopulse apparatus (Societe A T L A S International, Paris, France). The signal consisted of unipolar asymmetrical pulses (rise time 70 ns, fall time 700 ns, width 7 (is) supplied with 90-[is pulse bursts. The repetition rate frequency was 12 Hz. The PM F was delivered through 2 discs 12 cm in diameter. During the exposure the rats were put in plastic boxes ; the bottom of a box was 11 x 8 cm ; one box contained one rat. Each box was put on an em itter disc. The controls were put in similar boxes put upon discs which were not linked to the generator this time. The rats were handled in a randomized manner. B oth the controls and Reprint requests to Prof. Bellossi. the exposed ones were used during the 6 months when the experim ent was going on to avoid suc cessive studies o f the different frequencies.Two ex perim ental modalities were used: 1) Only a one-hour rat exposure took place, with the following PM F 0 .6 ,1 .5 , 3, 4.5, 6 ,1 2 ,1 6 , 20 mT.
2) A 6 m T PM F exposure of the rats took place with the following exposure times : 5, 15, 30, 45, 60, 120, 180 minutes.
Weighing of the rats took place twenty-four hours after the last exposure followed by an anaes thesia (E th er Anesthesique G IF R E R ) of the ani mals so as to collect blood samples from their eye sockets before a beheading. A weighing of their brains, thymuses, hearts, lungs, livers, spleens and kidneys was undertaken knowing that all the weight indexes were defined according to the ra tios o f the organ weights through the body weights and plasmas were put for the test for cholesterol and triglycerides (Autom ate de Biochim ie, B oehringer, H itachi 755).
For each modality 30 rats at least were used som etim es a few more. Variance ratio test was car ried out on B I software (Loginserm © 1979 (Loginserm © /1987 
Results

Strength o f magnetic field
Average weight indexes and standard deviations are reported on Table I . A comparison of the ex posed rats with the controls led to the following 0 9 3 9 -5 0 7 5 /9 6 /0 7 0 0 -0 6 0 3 $ 06.00 © 1996 Verlag der Zeitschrift für Naturforschung. All rights reserved. ± 0.37 ±0.41 ±0.41 ± 0 .4 6 ± 0 .4 8 ± 0 .4 6 ± 0 .4 7 ± 0 .4 9 ±0.41 S 3.14 3.73*** 3.57*** 3.65* ** 3.44** 3.25 3.14 3.12 3.13 3.39* ± 0 .4 8 ± 0.57 ± 0.42 ± 0 .4 3 ± 0 .3 9 ± 0 .4 2 ± 0 .3 9 ± 0 .6 4 ± 0 .4 3 ± 0.37 T n: numbers of rats. *: p < 0.05 1 **: p < 1 0 "2 > with regard to the controls. ***: p < 10-3 J results. A significant increase o f average spleen in dexes was noticed from 0.6 to 4.5 m T and for 20 m T and a significant increase of average liver index was noticed for 6 mT. But a significant decrease in average kidney indexes was noticed from 9 to 20 mT.
Average cholesterol and triglyceride plasma levels with standard deviations are reported on Table II . The cholesterol values were significantly lighter than these of the controls for 6 mT, the tri glyceride ones were lighter than those of the con trols for all the intensities used but for 0.6, 9 and 20 mT, knowing that the maximum effect was ob tained with 12 m T and 1.5 mT.
E xposure time
The P M F intensity was 6 mT. Average weight indexes and standard deviations are reported in Table III . In comparison with the controls, for a length of exposure ranging from 5 minutes to 120 minutes but for 60 minutes the exposed rats showed an increase in average spleen indexes. For a 5 m inute-exposure they showed a significant increase in average kidney index followed by a decrease for a 180 m inute-exposure. And a 5 min ute-exposure as well as a 60 minute-exposure showed an increase in average liver indexes. Average cholesterol and triglyceride plasma levels with standard deviations are reported in Table IV . With regard to the controls for a 5 to 15-min exposure an increase of cholesterol levels was noticed, whereas for a 60 minute-exposure a decrease took place. From a 60 to 120 m inute-ex posure a decrease in triglyceride levels was observed.
Discussion
A PM F effect on cholesterol and triglyceride plasma levels acted according to a P M F intensity and an exposure length and for those two param e ters chosen a non-linear effect was noticed. In fact, we actually found here what has already been de scribed as a «window effect» at the level of cells exposed to very weak m agnetic fields, especially in a study by Bawin et al., (1975) who were the first to take an interest in the calcium ion m ove ment through membranes. Such effects have also been found in the developm ent of chick em bryos (Leal et al., 1988) .
In fact, those studies manage to prove the exis tence of efficient intensities but they did not pay any attention to the part precisely played by any length of exposure. A com plete body exposure of the rats managed in our experim ent to put the em phasis on this part played by the exposure length. The part played by frequencies and the transient nature of the effects were shown in previous ex periments.
Liver is the main source of lipoproteins in blood plasma. PM F were there to generate an alteration in their metabolism. Such an alteration was depen dent on the exposure length chosen and any long exposure managed to suppress any effect present as if the organism could at last find again a balance disturbed at the begining by the PMF.
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M oreover such a change in metabolism took only place for a few P M F intensities and not for all of them. It was as if some resonance phenom e non took place between the PM F and the living system under experim ent.
All these facts will have to be taken into account for any one who will manage to set up a substanti ated theory explaining biological effects o f mag netic fields.
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